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6.1 INTRODUCTION 
 
The measurement for level of materials i.e. solid and liquid are widely being 
used in process control either in any field of industries. For the measuring 
applications, it can be in mechanical, electrical or even magnetic methods for 
detecting points which can be continuous or discontinuous for liquid or powder. The 
point detection is made to trig the level of fillings in the tank or container whether it 
is high or low. 
For the level-type transducer, they can be categorized into several classes: 
• RF capacitance 
• Conductance (conductivity) 
• Hydrostatic head/tank gauging 
• Radar 
• Ultrasonic 
• Float 
• Paddlewheel 
For the microwave level transducer it is categorized as the radar-type class as 
both system are literally same but differ in energy levels and their range. Besides, 
microwave level transducers provides both contact and non-contact method while 
radar only has non-contact method. 
Generally, the electromagnetic radiation is energy which is discharged from 
mobile, electric charges and spreads out as a wave. The wavelength of this radiation 
decreases with increasing energy. If the wavelength is in the range 1 mm to 1 m 
(300 MHz to 300 GHz), one refers to microwaves. Household microwave ovens 
produce radiation with a fixed frequency of 2.45 GHz. In the electromagnetic 
spectrum microwaves lie between radio waves (1 m to 104 m) and infrared waves 
(760 nm to 0.5 mm) [1]. 
The microwave radiation is produced from the phenomenon of electrical 
discharge. The electromagnetic pulse is sent out, reflected on the filling material and 
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received again. The echo time of the pulse is proportional to the distance from the 
surface of the medium. The measurement procedure and the accuracy of the 
measurement are independent of pressure, temperature, vapor, dust, foam, viscosity, 
conductivity and pH value. 
Guided Wave Radar (GWR) is categorized in invasive microwave transducer 
which have contact with the substance that need to me measured compared to the 
invasive method like Frequency Modulated Continuous Wave (FMCW) which have 
no contact with the materials. 
Each of these methods has both advantages and limitations, and in practice, 
the selection of the most appropriate method for a certain situation is always made 
by taking into consideration the specific application requirements (the chemical 
nature of liquid, process conditions, etc.) [2]. 
 
 
6.2 WORKING PRINCIPLE 
 
Basically for every type of microwave transmitter, the measurement of the 
level on any materials is conducted based on the travel time (time of flight) of the 
sent wave and the reflected wave. The GWR transducers characteristic can be easily 
known by the name itself as the rod or cable is used as a guide to the transmission of 
the micro wave from the sensor down to the measured material. 
 GWR level meter is based on the principle of Time Domain-Reflectometry 
(TDR), using the propagation of electromagnetic wave to measure the time 
difference between detectors sent wave and level surface reflected wave to compute 
the level height. The measurement process utilizes the pulse send-reflect-receive 
mode. When pulse waves hit the liquid surface, they are reflected due to the sudden 
change of characteristic impedance and received at the input-end again. Equation 6.1 
shows the relationship between the trip time and the height: 
 
ℎ = 𝐻 −
𝑉∆𝑇
2
     (6.1) 
 
Where V is the propagation speed of the wave, H is the length of the guide and ∆𝑇 is 
the time difference of the sent and reflected wave. 
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Figure 6.2 : Components of the Guided Wave Radar Level Transmitter [4] 
 
Level meter consists of waveguide sensor, signal generation, signal 
processing, time counter, digital display and embedded system, among which the 
signal generation and signal processing are the key components, as shown in figure 
6.2. 
 
 
Figure 6.3 : Schematic Diagram of GWR Level Transmitter 
 
The component of the system are explain as Figure 6.3, GWR transmitter (1), coax 
cable (2), feed-through (3), tank (5), probe (6), level position (7), planar launcher 
(14) [3]. 
 
 
6.3 EXPERIMENTAL RESULTS 
 
Although GWR has the advantages of does not get affected by the vapor, 
steam, dust air movement and foam on the top of the material compared to the non-
invasive microwave transducer, several disadvantages have been found  as the 
installed will be placed inside the tank which the materials needed to be measured. 
This is because the probe might get damage by the agitator inside the tank and other 
scattering objects inside it. So, the proposed solution from the report is by creating a 
bypass pipe for the tank in order to place the GWR transducer, as shown in Figure 
6.4.  
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Figure 6.4 : Tank with Bypass Pipe 
 
To make a better reflection of the electromagnetic wave, a metal-type float is used. 
[5] 
Besides that, another proposed method to increase the efficiencies of the 
GWR is by interfering higher order modes in the nozzle of larger diameter [6]. The 
experiment is conducted with the aid of modelling software, COMSOL. 
 
 
Figure 6.5: Honeywell GWR Level Transmitter Results 
 
Experimental response of the Honeywell GWR level transmitter for 
interrogation pulse of 0.27 ns, as shown in Figure 6.5. The nozzle of the tank had an 
inner diameter of 152.4 mm, while the probe with a length of 1 m is suspended in 
air. The end of probe echo is in phase opposition with perfect electronic echo (PEC) 
echo. 
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6.4 CONCLUSION 
 
The reviews show that there are numbers of proposed method on increasing 
the efficiency of Guided-Wave Radar (GWR) transducer. The other method 
proposed is novel coupling devices such as feed-through and launcher [3]. Others try 
to focus on improving the directivity of the main beam of established radar system. 
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